Abstract. Japanese traditional herbal medicine (Kampo) have been used to improve the general physical condition after surgery and to mitigate the side effects of radiation and chemotherapy in tumor patients. Juzentaihoto (JTT) consists of ten medical herbs, and is also called Shi-Quan-Da-BuTang in Chinese herbal medicine. Among Kampo medicines, JTT has especially gained attention as a biological response modifier. Currently, clinical trials of various tumor vaccine therapies are being performed world-wide. However, tumor antigens that are inoculated as vaccines do not have high immunogenicity; thus, it is difficult to obtain an effective therapeutic effect. Thus, it is necessary to develop a tumor vaccine adjuvant that is more potent and very safe. In the present study, we examined the efficacy of JTT as an oral adjuvant when given together with tumor vaccines. As a result, JTT enhanced the phagocytic ability of OVA antigen and the presentation ability of OVA antigen in dendritic cells in vitro. Furthermore, tumor growth was markedly decreased, and the survival period was significantly prolonged in mice inoculated with mouse lymphoma, which is expressed with tumor model antigen. In conclusion, these findings suggest that JTT can be used with tumor vaccines as an immune adjuvant.
Introduction
Currently, complementary and alternative medicine (CAM) is prevalent throughout the world, so the integration of western and oriental medicine, utilizing both properties, is increasingly required. Japanese traditional herbal medicine (Kampo), for example, Juzentaihoto (JTT), which is also called Shi-QuanDa-Bu-Tang in Chinese herbal medicine, is prescribed for various diseases, and one of its properties is strong immunepotentiating activity, such as increasing antibody production (1-7). In addition, pharmacokinetics analysis of major active compound in JTT has been reported (8) (9) (10) (11) .
Vaccines are one of the major accomplishments in the history of medicine. It is now also imperative to develop novel vaccine adjuvants with high safety and efficacy, while novel vaccines are increasingly undergoing advanced development and contributing to unmet clinical needs (12) .
Thus, we investigated whether the activity of Kampo was suitable as immune adjuvant for treatment with vaccines. Recently, we performed broad-ranging analysis of the adjuvant effect of JTT on influenza vaccination in elderly people, who are a high-risk group for influenza infection, in a multicenter randomized controlled trial (9) . Consequently, JTT increased and prolonged antibody production after influenza vaccination. Therefore, we clinically first achieved the establishment of a new integrative vaccine therapy using Kampo as an immune adjuvant (13) .
On the other hand, a wide range of tumor vaccine preparations, which have high immunoreaction specific to a tumor-related antigen, have been tested throughout the last two decades. In fact, more than twenty clinical studies that investigated therapeutic potential of tumor-associated antigens (TAAs) in tumor patients were reported in 2013 (14) .
Given the success of JTT in influenza vaccination (13) , we extended the use of JTT to other types of vaccine as immune adjuvant in the present study.
Here, we report that JTT is an attractive immune adjuvant candidate for tumor vaccines because of its marked inhibitory effect on tumor growth in combination with a tumor vaccine in a mouse model experiment. Cell culture. CD8-OVA1.3 cells, a murine T-T hybridoma that is specific for OVA257-264H-2Kb 29 , were maintained in Dulbecco's modified Eagle's medium (DMEM) (Life Technologies Japan Ltd., Tokyo, Japan) supplemented with 10% fetal bovine serum (FBS) (Invitrogen), and 2-ME (50 µM, Invitrogen), E.G7-OVA tumor cells (H-2b; OVA-transfectant of EL4 murine thymoma cells) were maintained in RPMI-1640 medium supplemented with 10% FBS, 2-ME (50 µM) and G418 (400 µg/ml). Murine dendritic DC2.4 cells (H-2b) (T-T hybridoma against OVA + H-2Kb) were grown in complete RPMI-1640 medium supplemented with non-essential amino acid (100 µM) and 2-ME (50 µM). Primary DC cells were positively selected from spleen (C57BL/6 mice, H-2b) using an anti-mouse CD11c-magnetic activated cell sorting (MACS) kit, according to the protocol provided by the manufacturer (Miltenyi Biotec K.K., Tokyo, Japan). The purity of primary DC cells was analyzed by CD11c antibodies conjugated to PE (BD Biosciences, CA, USA) with a FACSCanto flow cytometer (BD Pharmingen).
Materials and methods

Reagents
Phagocytosis in DC2.4 cells.
Fluorescence isothiocyanate (FITC) conjugated OVA (OVA-FITC; Life Technologies Japan Ltd.) was dissolved to a concentration of 10 µg/ml in balanced salt solution (BSS). Phagocytosis in DC2.4 cells was performed by modification of a previously reported method (30) . In this assay, AIM-V media (Life Technologies) was used instead of growth media. Briefly, 5x10
5 cells/well were seeded in a 3.5-cm dish (Corning International K.K., Tokyo, Japan) and incubated with JTT (200 µg/ml), OVA-FITC (50 µg/ ml) and Lipofectine (20 µg/ml; Life Technologies) for 20 h at 37˚C. Vectashield mounting medium for DAPI staining (Vector Laboratories, Inc., CA, USA) was added to the cells. Florescence images were captured using a Leica TCS SP5 microscope (Leica Microsystems, Wetzlar, Germany).
Antigen presentation. The in vitro assay for antigen processing and presentation was performed as described previously (31) . In brief, DC2.4 cells (2x10 4 ) cultured on 96-well plates were incubated with JTT (200 µg/ml) or the ten herbal ingredients of JTT (100 µg/ml) at 37˚C for 1 h. OVA (50 µg/ml) with Lipofectine (20 µg/ml) was added and incubated at 37˚C for 20 h. The cells were fixed with 0.05% glutaraldehyde and washed three times, CD8-OVA1.3 cells (1x10 5 ) were added to each well. After 24-h cultivation, the response of stimulated CD8-OVA1.3 cells was determined by their IL-2 secretion levels using ELISA (R&D Systems, MN, USA).
Tumor protection assay. C57BL/6 mice were subcutaneously immunized with OVA-peptide formulatied antigens at 100 µg/100 µl incomplete Freund adjuvant/mouse. Seven days after immunization, these mice were intradermally inoculated with E.G7-OVA cells (5x10 5 ). Ten mice were used for each experimental group. Tumor volume was calculated as follows: (tumor volume; mm 3 ) = (major axis; mm) x (minor axis; mm) 2 x 1/2. Tumor measurements were determined until the volume exceeded 1,000 mm 3 . Tumor-bearing mice continued treatment as indicated above after 37 days. Mice were allowed to live up to their natural death or were sacrificed when their tumor volume was >1,000 mm 3 . Sacrifice was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering. Kaplan-Meier survival curves were plotted and statistically analyzed. Animal body weight was measured and recorded every 4 d during the treatment for the monitoring of the condition of the animals. JTT or water was orally administered to 10 mice (2 g/kg/day) from day 7 to day 37 consecutively.
ELISPOT. The ELISPOT assay (R&D Systems) was performed according to the manufacturer's instructions. Briefly, 96-well PVDF plates (Millipore, MA, USA) were coated overnight at 4˚C with 0.1 mg/well of purified AN-18 (anti-IFN-γ). The membrane on the plates was pre-wetted by adding 50 µl 70% ethanol to each well, then washed and blocked for 30 min with complete RPMI. C57BL/6 splenocytes (1x10 5 cells/well) were seeded on the 96-well PVDF plates with OVA (50 mg/ml; Sigma-Aldrich, MO, USA) at 37˚C for 24 h. After staining with streptavidin-alkaline phosphatase (BD Biosciences, CA, USA), IFN-γ-secreting T cells in the spleens were calculated under a microscope.
ELISA. OVA solutions (10 mg/ml) were added to 96-well ELISA plates and incubated at 4˚C overnight. Unbound OVA on the plate was removed by washing, and the plate was further incubated with blocking reagent (Morinaga Institute of Biological Science, Inc., Yokohama, Japan) at 37˚C for 1 h. Dilutions of mouse serum immunized with OVA with or without the administration of JTT were added to the wells (100 µl/well) and incubated at 37˚C for 1 h. After washing, anti-mouse IgG1-HRP (15H6, G1 chain specific; SouthernBiotech, AL, USA) or IgG2a-HRP (HOPC-1, G2a chain specific; SouthernBiotech) was added to the wells and incubated at 37˚C for 1 h. These IgG1 and IgG2 levels were determined using TMBz (3,3',5,5'-tetramethylbenzidine; Dojindo, Kumamoto, Japan) according to the manufacturer's instructions.
Statistical analysis. Data are presented as the mean ± standard deviation (SD) and were analyzed statistically by the two-tailed Student's t-test. Survival was analyzed by the Kaplan-Meier method and compared between groups by use of the log-rank test. Analyses were performed by means of JMP (Version 11, SAS Institute Inc., NC, USA). Results with P<0.05 were considered significant and similar results were obtained from three independent experiments.
Results
Increasing effects of JTT and its herbal ingredients on antigen presentation to MHC class I pathway in DC2.4 cells and primary DC cells.
Presently, JTT is manufactured according to the Ethical Kampo Medicine Drug GMP regulations and the self-imposed regulations of the Japan Kampo-Medicine Manufacturers Association. The quality of its main component was guaranteed through three-dimensional (3D) HPLC analysis (Fig. 1) .
To determine JTT ability in the uptake of antigen phagocytosis, murine dendritic DC2.4 cells were incubated with soluble OVA-FITC. DC2.4 cells were fixed and labeled with DAPI, a nucleotide marker. DC2.4 cells slightly phagocytosed OVA-FITC in the absence of JTT (Fig. 2A) . On the other hand, the numbers of phagocytosis of DC2.4 cells with OVA-FITC significantly increased 3.3-fold in the presence of JTT (Fig. 2B  and C) . However, no change of the fluorescence intensity per single DC was observed by using of image analyzer (data not shown). Therefore, JTT may not improve the efficacy of phagocytosis by single DC.
Owing to the increase of phagocytosis, we next examined whether JTT introduced OVA antigen into the MHC class I presentation pathway in dendritic cells. No antigen presentation was detected by T cells alone or by T cells cocultured with DC 2.4 cells not loaded with OVA and preincubated with JTT. DC2.4 cells preincubated with JTT efficiently presented OVA antigen on their MHC class I molecules (Fig. 2C) , suggesting that the antigen introduced into the cytoplasm directly by JTT was processed into OVA peptides (OVA257-264 (SL8) SIINFEKL) (15) . In this case, JTT had an EC 50 of 133.7 µg/ml against antigen presentation to the MHC class I pathway in DC2.4 cells. We next investigated whether JTT induced antigen presentation in primary dendritic cells as well as in dendritic cell lines. The antigen presentation of primary dendritic cells was also enhanced by JTT (Fig. 3) .
On the other hand, JTT was composed of ten medical herbals. Of the 10 medical herbal ingredients, peony root and poria sclerotium have the strongest effects on increasing antigen presenting ability (Table I) .
No cytotoxicity in DC2.4 cells was observed by treatment with JTT and the 10 medical herbals, except for cinnamon bark at 200 µg/ml (data not shown).
Tumor regression by the combination of OVA vaccination and JTT.
To clarify the efficacy of JTT as an adjuvant for tumor vaccines, mice immunized with OVA were intradermally challenged with E.G7-OVA tumor expressing the SL8 epitope as the model tumor antigen. Oral administration of JTT alone did not generate protective immunity against tumor growth, the same as the control, whereas tumor growth was inhibited by OVA vaccine (Fig. 4A and B) . Together with JTT, OVA vaccine markedly inhibited the growth of E.G7-OVA tumor.
Consequently, tumor volume significantly decreased to <40%, comparing the combination of OVA vaccine and JTT to OVA vaccine alone. While no mouse immunized with OVA vaccine alone completely rejected E.G7-OVA tumor formation, the combination of OVA vaccine and JTT resulted in 2 of 10 mice exhibiting complete rejection, and prolonged survival was observed in mice treated with the combination compared to OVA vaccine alone (Fig. 4C) .
Antitumor effect by immunological modulation by JTT.
To verify the immune adjuvant effects of JTT, humoral and cellular immune responses to the OVA vaccine were measured. The humoral immune responses specific to the OVA vaccine were investigated by OVA antigen-specific IgG in mouse serum by ELISA. OVA antigen-specific IgG2b in the OVA and JTT mouse group was markedly increased ~6-fold compared to the OVA alone group (Fig. 5A) , and compared to OVA antigenspecific IgG1 (data not shown). T-cell responses to the vaccine were measured by the IFN-γ ELISPOT assay with splenocytes isolated from mice immunized with OVA with oral administration of JTT. OVA antigen-specific IFN-γ-secreting CD8 T cells significantly increased ~3-fold compared to the OVA vaccine alone mouse group with OVA and with oral administration of JTT (Fig. 5B) .
Discussion
There are a number of reports that some Kampo medicine activates innate immunity. JTT is often used clinically in tumor patients who have received chemotherapy or radiation therapy to improve anorexia or remission of leucopenia (Fig. 1) . It has been reported that JTT can enhance natural killer (NKT) cell-inducing activity and the ability to produce antibodies in the liver (1). Ohnishi et al reported that liver metastasis was suppressed by oral administration of JTT to mice and its efficacy was induced by macrophages and T cells (5, 6 ). In addition, as reported by Chino et al, JTT enhanced LPS-induced IL-12 and IFN-γ production via toll-like receptor (TLR) in macrophages (7) . Thus, JTT is considered to be a drug with potential as a biological response modifier (BRM), boosting its efficacy and activating innate immunity.
However, while its role as a BRM is expected, the effect of Kampo on the acquired immune system, such as antigenspecific immune induction, i.e., vaccines, remains unclear. In order to induce tumor antigen-specific immune responses using tumor-associated antigens inoculated as vaccines, first of all, the antigen needs to be taken up by an antigen-presenting cells (APC), such as dendritic cells. Then, in the cytoplasm of APC, an epitope peptide fragmented by vaccine antigens needs to be presented to MHC class I, which are cell membrane surface molecules in APC (16) .
In this study, we examined whether JTT can induce a vaccine antigen-specific immune response, and whether it can be applied as a tumor vaccine adjuvant.
Firstly, the effect of JTT on the phagocytic ability of a vaccine model antigen (OVA) in dendritic cells was investigated (Fig. 2) . We also examined the impact of JTT on the antigen-presenting ability of dendritic cell lines (DC2.4 cells) and primary dendritic cells to T cells using IL-2 production from MHC class I and OVA complex-restricted T cell clones as an indicator. As a result, JTT strongly enhanced the antigen-presenting ability of both DC2.4 ( Fig. 2C) and primary dendritic cells (Fig. 3C) . From these findings, the possibility that JTT has an adjuvant effect on vaccines was suggested. Therefore, we next examined the efficacy of JTT as an adjuvant for tumor vaccines using inoculated EG7 mouse tumors presented with tumor model antigen (OVA) (17, 18) .
As a result, despite the failure to observe antitumor effects from the administration of JTT alone, we were able to observe that inoculation of OVA vaccine allowed the induction of antitumor specific immunity against EG7. We also observed that the combined use of JTT inhibited tumor growth significantly and prolonged the tumor engraftment period as well as the survival period (Fig. 4) . These findings confirmed that JTT has adjuvant efficacy for tumor vaccines. In order to demonstrate the efficacy of JTT as an adjuvant, we analyzed the vaccine antigen-specific immune induction mechanism (vaccine antigen-specific IgG, IFN-γ-secreting CD8 T cells, and CTL).
It is known that IL-4 of Th2-type cytokines is involved in class switching to IgG1 from IgM, while cytokine IFN-γ of Th1 type is involved in class switching to IgG2a (19, 20) . IFN-γ is a cytokine involved in the induction of tumor-specific CTL, and IFN-γ produced from Th1 cells tilts the Th1/Th2 balance to Th1 dominantly (21) .
As a result, we observed the significant production of OVA-antigen specific IgG2a and IFN-γ-secreting CD8 T cells by the combination of OVA vaccine and oral administration of JTT (Fig. 5) . In addition, the tendency of increasing of OVA antigen-specific CTL (cytotoxic T lymphocytes) by JTT could be observed using MHC tetramer by FACS (data not shown). Further study will focus on the CTL for clearing of the antitumor mechanism of JTT.
For the future development of novel adjuvants from Kampo formulas, it is important to identify the active compounds derived from medical herbal components, which have remarkable vaccine antigen-specific immune responses. As shown in Fig. 1 , JTT consists of ten medical herbal ingredients (astragalus root, cinnamon bark, rehmannia root, peony root, cnidium rhizome, Japanese angelica root, ginseng, poria sclerotium, Figure 5 . JTT enhances cellular and humoral immune responses to the OVA vaccine in vivo. One group was administered JTT (2 g/kg/day) and the other was administered water once a day. OVA + Water group: water was orally administered to 3 mice from day 7 to day 14 consecutively. In addition, these mice were immunized with OVA on day 7 and day 0 twice. OVA + JTT group: JTT was orally administered to 3 mice from day 7 to day 14 consecutively. In addition, these mice were immunized with OVA on day 7 and day 0 twice. On day 14, mice of this group were sacrificed, and the splenocytes and serum were collected. Splenocytes were re-stimulated with OVA (10 µg/ml). (A) OVA-specific IgG2a in mouse serum immunized with OVA with or without the administration of JTT or water was determined by ELISA. The relative ratio of OVA-specific IgG2a is shown comparing the OVA + JTT group with the OVA + Water group. Each group contained 3 mice and all experiments were repeated 3 times. Data are the mean ± SD; glycyrrhiza and Atractylodes lancea rhizome). In DC.2.4 cells, peony root and poria sclerotium were found to have the strongest effect on increasing antigen presenting ability of the ten medical herbs (Table I ). We will thus try to identify an active compound with this ability in the two medical herbs.
In wake of the discovery of the tumor antigen (22) , tumor vaccine therapy has drawn attention, with attempts to obtain an antitumor effect by inducing tumor antigen-specific immune responses in the host.
However, despite the current progress, in which useful tumor antigens have been identified and the whole aspect of the immune system surrounding tumors is being elucidated, tumor vaccine therapy is not satisfactory compared with other treatments such as chemotherapy. To improve the therapeutic effect, various approaches have been attempted, including the development of vaccine materials (8, 10) .
Here we focused on Japanese traditional herbal medicine (Kampo) as an immune adjuvant for tumor vaccine. Currently, Kampo is used in a number of clinical situations such as cancer therapy, and contributes to health care (23) (24) (25) (26) (27) (28) .
Therefore, it is extremely important to confirm the enhancement of the antitumor effect by combining Kampo with chemotherapy using existing antitumor agents or tumor vaccine treatments which have been carried out in clinical practice.
On the other hand, OVA was used as a tumor model antigen in this study. For this reason, in order to introduce the combined use of Kampo for tumor vaccine treatment into clinical practice, in our future key studies it will be necessary to examine the potential efficacy of JTT as an adjuvant by using an actual tumor-related antigen, and to explore better Kampo drugs than JTT to serve as more potent adjuvants.
